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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the image display device using the optical deflection device into which the 

direction of light is changed with an electrical signal, and this optical deflection device. 

[0002] 

[Description of the Prior Art] 

As an optical element which is an optical deflection component, conventionally KH2P04 (KDP), The 
big ingredient of the first electro-optical effects (Pockels effect), such as NH4H2P04 (ADP), LiNb03 
and LiTa03, GaAs, and CdTe, The electro-optics device using the big ingredient of the second electro- 
optical effects, such as KTN, SrTiOS, CS2, and a nitrobenzene. The acoustooptics device using 
ingredients, such as glass, a sihca, and Te02, is known (for example,; edited one by Masaharu Aoki "an 
OPUTO electro nick device", Shokodo). In order for these to obtain the general sufficiently big amoimt 
of optical deflections, it is necessary to take the long optical path length and, and since the ingredient is 
expensive, the application is restricted. 
[0003] 

on the other hand, the optical deflection using a liquid crystal ingredient — a component — the various 
proposals also of the optical element are made, and when several of the examples are given, there is an 
example of a proposal as shown below. 
[0004] 

For example, according to JP,6-18940,A, the light beam shifter which consists of an artificial 
birefiingent plate is proposed for the purpose of reducing loss of the light of an optical space switch. The 
light beam shifter whose liquid crystal layer has arranged mutually the transparence substrate of the rust 
form which goes away two sheets to the reverse sense in content, and was pinched between these 
transparence substrates. And the light beam shifter which connected said light beam shifter to the rear 
face of a matrix form deflection controlling element is proposed, combine, arrange mutually the 
transparence substrate of the rust form which goes away two sheets to the reverse sense, and matrix 
actuation is possible between these transparence substrates. The light beam shifter whose liquid crystal 
layer which carries out the half-cel shift of the incident light beam was pinched is half-eel ** carried out, 
and the light beam shifter which made multistage connection is proposed. 
[0005] 

Moreover, according to JP,9-133904,A, it is possible to acquire a big deflection, deflection effectiveness 
is high, and the optical deflection switch which can set a deflection angle and deflection distance as 
arbitration is proposed. It is the liquid crystal device equipped with the driving gear which is made to 
carry out opposite arrangement of the two transparence substrates at the predetermined spacing, 
performs vertical orientation processing to the field made to coimter, encloses the ferroelectric liquid 
crystal of a smectic A phase between transparence substrates, is made to carry out vertical orientation to 
said transparence substrate, specifically arranges an electrode pair so that alternating current electric 
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field can be impressed to a smectic layer and parallel, and impresses alternating current electric field to 
an electrode pair. That is, it enables it to change the angle of refi-action of the polarization which carries 
out incidence to a liquid crystal layer, and the direction to displace with the birefiingences by the dip of 
a liquid crystal molecule using the **** effectiveness by the ferroelectric liquid crystal of a smectic A 
phase. 
[0006] 

In the example which used the optical deflection component for others, it can drive by the low battery to 
JP,5-204001,A, and the optical deflection equipment in which two-dimensional-izing and a 
miniaturization are possible is proposed. This holds the liquid crystal which has birefringence between 
the transparence substrates of a couple, and the serrate grid is formed at one side of this transparence 
substrate. Homogeneous orientation of the liquid crystal currently held is carried out in the direction of a 
marked line of a serrate grid, and the refi-active index of either the major axis of Hquid crystal or a niinor 
axis is in agreement with the refi-active index of the ingredient which forms a serrate grid. Incident Ught 
is a configuration with them. [ able for the 90 degrees of the polarization directions to be able to rotate 
and to change the direction of outgoing radiation light according to the polarization condition of incident 
light according to control of a deflection slewing gear, ] A thing [ **** ] which resembled this optical 
deflection equipment is indicated by JP,9- 133931, A. This has two transparent substrates and the serrate 
grid is formed in one field of these substrates, respectively. These serrate grids have the same 
configuration and the same refi*active index, are formed, they arrange those serrate grids so that an 
opposite direction may be turned to respectively, and they constitute optical deflection equipment. 
[0007] 

[Problem(s) to be Solved by the Invention] 

In the conventional technique mentioned above, as a principle which light deflects, it mainly originates 
in whenever [ to the birefiingence of a liquid crystal ingredient and a component substrate / tilt-angle ], 
light is deflected, and the outgoing radiation light which passed the optical deflection component 
acquires the shift effectiveness in a light sensing portion. However, since the shift amount of the Ught 
[ whenever / incident angle / of an aim ] shifted changes when the incident ray has angular distribution, 
- or when the lighting include angle of the illumination Ught is big, there is nonconformity that the beam 
of Ught and image light after a shift fade as a whole, and resolution deteriorates. 
[0008] 

The object of this invention is suppressing a gap of an optical shift amount. 
[0009] 

[Means for Solving the Problem] 

The liquid crystal layer which can control a refi-active index [ as opposed to / the optical deflection 
device of invention according to claim 1 is inserted between the transparent substrate of a couple and 
said substrate, and / incident Ught by electric field ], The orientation film to which it is prepared between 
said substrates and orientation of the liquid crystal molecule of said liquid crystal layer is carried out. It 
has the parallel refi-acting interface of the couple which makes include-angle theta [deg] (0<=theta<90) 
to the plane of incidence of said substrate and by which while incidence of the light is carried out to the 
electrode of the couple which generates electric field to said liquid crystal layer was formed in said 
liquid crystal layer side of said substrate. The refraction section to which the parallel displacement of the 
optical path is carried out by making outgoing radiation light parallel to incident light in case you niake 
it again refracted by said refracting interface of another side and it considers as outgoing radiation light 
after making incident light refracted by said one refracting interface. When the amount of parallel 
displacements of the optical path over the incident Ught which carries out incidence of the refractive- 
index change of a preparation and said liquid crystal molecule of said Uquid crystal layer to incident 
light from [ of said plane of incidence ] a normal to said plane of incidence of one [ deltan and ] of said 
substrate is set to x [mum] (x> 0), Incident angle whenever [ over the normal of said plane of incidence 
of the incident light which carries out incidence to said plane of incidence of one of said substrate ] 
alpha [deg], 
alpha<=|atheta+b| 
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a=-0.7deltan+0.35 
b=(11.6/x)-19 
****** is filled. 

[0010] . ^ ^ 

Therefore, the amount of gaps from the amount of parallel displacements of the target of the optical path 
which refracted and carried out the parallel displacement by the refracting interface of a couple is 
stopped within 10% of the target amount of parallel displacements. 
[0011] 

The liquid crystal layer which can control a refractive index [ as opposed to / the optical deflection 
device of invention according to claim 2 is inserted between the transparent substrate of a couple and 
said substrate, and / incident light by electric field ], The orientation film to which it is prepared between 
said substrates and orientation of the liquid crystal molecule of said hquid crystal layer is carried out. It 
has the parallel refracting interface of the couple which makes include-angle theta [deg] (0<=theta<90) 
to the plane of incidence of said substrate and by which while incidence of the light is carried out to the 
electrode of the couple which generates electric field to said liquid crystal layer was formed in said 
liquid crystal layer side of said substrate. The refraction section to which the parallel displacement of the 
optical path is carried out by making outgoing radiation light parallel to incident light in case you make 
it again refracted by said refracting interface of another side and it considers as outgoing radiation light 
after making incident Ught refracted by said one refracting interface, Whenever [ over the normal of said 
plane of incidence of the incident light which carries out incidence to said plane of incidence of one of 
said substrate / preparation and incident angle ] alpha [deg]. When the amount of parallel displacements 
of the optical path over the incident light which carries out incidence of the refractive-index change of 
said liquid crystal molecule of said liquid crystal layer to incident light from [ of said plane of 
incidence ] a normal to said plane of incidence of one [ deltan and ] of said substrate is set to x [mum] 
(x> 0), said include angle theta, 
theta<=-(alpha+b)/a 
a=-0.7deltan+0.35 
b=K11.6/x)-19 
****** is filled. 
[0012] 

Therefore, the amoimt of gaps from the amount of parallel displacements of the target of the optical path 
which refracted and carried out the parallel displacement by the refracting interface of a couple is 
stopped within 10% of the target amount of parallel displacements. 
[0013] 

In the optical deflection device according to claim 1 or 2, said liquid crystal layer is formed for 
invention according to claim 3 with the surface passivation ferroelectric liquid crystal. 
[0014] 

Therefore, since the ferroelectric liquid crystal has spontaneous polarization, driving force produces it 

by electric field. 

[0015] 

Invention according to claim 4 is formed for said liquid crystal layer in the optical deflection device 
according to claim 1 or 2 according to the frequency with 2 cycle actuation liquid crystal from which a 
dielectric anisotropy changes to forward or negative. 
[0016] 

Therefore, it is possible to control the orientation condition of liquid crystal by changing a frequency. 
[0017] 

In the optical deflection device according to claim 1 or 2, said liquid crystal layer is formed for 

invention according to claim 5 of the polymer dispersed liquid crystal. 

[0018] 

Therefore, it is possible to be able to control the birefiingence of liquid crystal by armature- voltage 
control, and to shift a non-deviated light. Moreover, it is possible to control the orientation of liquid 
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crystal by restraining force of a macromolecule. 

[0019] . ^, _ ^ 

The image display component for which the image display device of mvention accordmg to claim 6 
arranged two or more controllable pixels for Ught two-dimensional according to image information, The 
light source which illimiinates this image display component, and the optical member for observing the 
image pattern displayed on said image display component, The optical deflection device according to 
claim 1, 2, 3, 4, or 5 arranged on the optical path between said image display components and said 
optical members, Said optical deflection device is driven and it has the optical-path deflection control 
means which divided the image field in time and which deflects the optical path between said image 
display components and said optical members for two or more subfields of every. 
[0020] 

Therefore, the image pattern in the condition that the display position has shifted accordmg to the 
deflection of the optical path for two or more subfields of every which divided the image field in time 
with the optical deflection device is displayed, and the apparent number of pixels of an image display 
component carries out multiplication, and is displayed. Moreover, it becomes it is possible to suppress a 
gap of the optical-path movement magnitude in an optical deflection device few, and possible by using 
an optical deflection device accordmg to claim 1, 2, 3, 4, or 5 to suppress degradation of the display 
image by the lap of the pixel by gap of optical-path movement magnitude etc. 
[0021] 

[Embodiment of the Invention] 

The gestah of 1 operation of the optical deflection device of this invention is explained based on 
drawin g 1 thru/or drawing 10 . Drawing 1 is the sectional view showing the gestalt of 1 operation of an 
optical deflection device. As shown in drawing 1 , the optical deflection device 1 makes two optical 
deflection component 2a and 2bs arrange on the Mitsuyuki line writing direction, is constituted, and 
carries out the parallel displacement (it is henceforth called a parallel shift) of the optical path. 
[0022] 

The basic configuration and the optical deflection principle of operation of the optical deflection 
component 2 (2a, 2b) are explained based on drawing 2 and drawing 3 . The sectional view which 
drawing 2 combines the optical deflection component 2 with the elements on larger scale, and is shown, 
and drawing 3 expand and show a part of optical deflection component 2, and the sectional view 
according [ (a) ] to XZ side and (b) are the A'-A line sectional views in (a). 
[0023] 

As the optical deflection component 2 is shown in drawing 2 An optical deflection armature- voltage 
control means to change the electrical-potential-difference impression condition to the transparent 
substrates 3 and 4 of a couple, these substrates 3, the electrodes 6 and 7 of the transparent couple which 
it is inserted [ couple ] among four and generates electric field to the liquid crystal layer 5 which can 
control an orientation condition, and the liquid crystal layer 5 by electric field, and electrodes 6 and 7 
(not shown). It has the orientation fihn (not shown) formed in the front face by the side of the liquid 
crystal layer 5 of substrates 3 and 4. 
[0024] 

The sawtooth part 8 of a serration configuration is formed in the liquid crystal layer 5 side of one 
substrate 3. The sawtooth part 8 has the refracting interface 10 to which the light by which outgoing 
radiation was carried out makes include-angle theta [deg] (it is henceforth called whenever [ tilt-angle / 
theta ]) from the light source (not shown) to the plane of incidence 9 of the substrate 3 by which 
incidence is carried out. Here, let the refracting interfaces 10 of optical deflection component 2a and 2b 
be refracting interfaces 10a and 10b, respectively. There is a thing of etching a glass substrate or 
processing transparence plastic material with injection molding etc. as the formation approach of this 
sawtooth part 8. Although the configuration of the serration formed and especially the number of arrays 
are not limited, it is formed so that it may become in the desired amount of deflections, and the 
deflection direction. 
[0025] 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 5/7/2004 



Page 5 of 17 



The liquid crystal layer 5 is formed with the surface passivation ferroelectric liquid crystal. This liquid 
crystal consists of a chiral smectic C phase by which homogeneous orientation was carried out. In 
addition, you may be a pneumatic liquid crystal that what is necessary is just that from which the 
orientation condition of liquid crystal changes and a refractive index changes with electric-field 
impression conditions in connection with it as liquid crystal. And it considers as the configuration to 
which electric field are impressed in the direction of spontaneous polarization which interaects 
perpendicularly with the liquid crystalline director which is carrying out homogeneous orientation in the 
Uquid crystal layer 5 more, i.e., the direction of a liquid crystalline director, by impressing an electrical 
potential difference to the elecfrodes 6 and 7 of a couple. 
[0026] 

Here, change of the orientation condition of the liquid crystal in the optical deflection component 2 is 
explained based on drawing 3 . As shovm in drawing 3 , corresponding to the direction of electric field 
from electrodes 6 and 7, orientation of the liquid crystalline director is carried out to a 2-way (the 1st 
orientation condition and 2nd orientation condition). In the optical deflection component 2 of such a 
configuration, it is regulating in the direction which carries out an abbreviation rectangular cross as the 
orientation of liquid crystal is shown in drawdng 3 (b), and it becomes possible to deflect incident light 
efficiently. Namely, when operating incident light and carrying out incidence to this optical deflection 
component 2 so that the direction of the linearly polarized light of incident light may turn into Y shaft 
orientations in drawing 3 , When [ a liquid crystalline director turns / when / to Z shaft orientations (1st 
orientation condition) ] electric field are impressed with 6 or 7 pairs of elecfrodes like, when the 
refractive index of hquid crystal and the refractive index of the subsfrates 3 and 4 which pinch liquid 
crystal are equal, in such the condition, incident light is served as Tsvmemitsu, and it passes as it is, 
without deviating. When the refractive indexes of the subsfrates 3 and 4 which pinch the reflective index 
of liquid crystal and liquid crystal in such the condition when [ which turns to the direction where the 
electric-field impression direction is reversed and it and a liquid crystalline director cross at right angles 
on the other hand (2nd orientation condition) ] it is made like differ, incident light is served as an 
abnormality light and deflected by the refractive-index difference v«th an interface. 
[0027] 

In order to regulate the orientation of liquid crystal in the direction which intersects perpendicularly, 
rubbing processing is performed in the direction corresponding to liquid crystal orientation to the 
orientation fibn formed in the front face of both the subsfrates 3 and 4, and the direction of a liquid 
crystalline director is sfrongly regulated by the sense for which it depended in the direction of rubbing. 
The usual orientation fihn, such as polyimide used for TN liquid crystal, STN LCD, etc., can be used for 
orientation processing. Moreover, it is desirable to perform rubbing processing and optical orientation 
processing. 

[0028] . , . r, ■ 

Outgoing radiation light [ as opposed to incident Ught in the descnption of such an optical deflection 
component 2 of a configuration ] is the point which can be rotated by confrol of a liquid crystalline 
director. Therefore, the desired amount of deflections can be obtained by choosing appropriately the 
distance of the optical deflection component 2 and a light sensing portion concerned. 

[0029] ... , v 

The optical deflection device 1 is arranged so that the refracting interfaces 10a and 10b with mutual such 
optical deflection component 2a and 2b may be parallel, and in case you make it again refracted by 
refracting interface 10b and it considers as outgoing radiation light after making incident light refracted 
by refracting interface 10a, it is considered as the configuration which carries out the parallel shift of the 
optical path by making outgoing radiation light parallel to incident light. Here, the refracting interfaces 
10a and 10b of optical deflection component 2a and 2b fimction as a refracting interface of an parallel 
couple mutually here, and the refraction section 1 1 is constittited by tiiese refracting interfaces 10a and 
10b. And in the optical deflection device 1, a required optical-path shift amount (the amoimt of 
deflections) can be obtained, maintaining incident light and outgoing radiation light at parallel by 
choosing appropriately the distance LI between optical deflection component 2a and 2b. By this, an 
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optical-path shift amount can be easily adjusted from the outside, and the optical deflection device 1 
excellent in convenience can be constituted. Moreover, as long as the amount of optical deflections is 
fixed, as shown in drawing 4 , the two-layer liquid crystal layers 5a and 5b may be formed in one optical 
deflection device 13 through the medium substrate 12 of thickness L2. 
[0030] 

When asking for the travelling direction of the light in the configuration of the optical deflection 
component 2 as shown in drawing 2 , strictly, both direction of the liquid crystalline director to an 
incident light travelling direction and refractive indexes no and ne of liquid crystal are asked for the 
refractive index in each direction based on an index ellipsoid, and the direction of an optical deflection is 
searched for based on it. However, if it assumes that it is that from which the refractive index no and 
refractive index ne of liquid crystal change according to the orientation condition of liquid crystal 
simply here, and it assumes that a Snell's law is followed as shown in drawing 5 , it is possible to search 
for the direction of an optical deflection (for it to be henceforth called an optical deflection angle). 
Substrates 3 and 4 are arranged so that the angle on which the normal of psi 1 and a back side interface 
makes [ the angle (= whenever / tilt-angle / theta /) which sets the refractive index of ne and the 
of a minor axis to no, and the direction of a normal of the near-side interface of liquid crystal makes 
with the direction of an optical deflection to the Mitsuyuki line writing direction ] the refractive index of 
the direction of a major axis of liquid crystal with the direction of incident light may become 0 degree 
now. Moreover, the optical member (substrates 3 and 4) which touches liquid crystal chooses the thing 
of a refractive index no. The optical deflection angle psi 2 from [ in a near-side liquid crystal interface ] 
an interface normal is by the Snell's law, 
sinpsi2=(no/ne) sinpsil 

The optical deflection angle psi 3 from [ of the substrate 4 of the beam of light which can be found more 

and carries out incidence to a substrate 4 ] a normal, 

psi3=psil-psi2 

The optical deflection angle psi 4 within the substrate 4 of the beam of light which carried out incidence 

to the substrate 4, 

sinpsi4=(ne/no) sinpsi3 

It can be found more. 

[0031] 

Moreover, thickness L2 required [ as shown in drawing 4 , when forming the medium substrate 12, 

performing the parallel shift of an optical path and thickness of the medium substrate 12 is set to L2 ] in 

order to obtain the optical-path shift amoimt xmum, 

L2 and tanpsi4=x (micrometer), 

L2=x/tan psi 4 (micrometer) 

It becomes. 

[0032] 

Thus, the direction of an optical deflection mainly originates in the refractive-index anisotropy of theta 
and liquid crystal whenever [ tiU-angle / of the refracting interface 10 of a substrate 3 ], it changes, and 
the amount of optical deflections can be adjusted with the distance to a light-receiving side or the 
thickness of the liquid crystal layer 5, the thickness of substrates 3 and 4, etc. 
[0033] 

So that the desired optical-path shift amount x may be obtained, when performing the parallel shift of an 
optical path Whenever [ tilt-angle / of a sawtooth part 8 / theta ] Specify effectual refractive-index 
change deltan of a liquid crystal molecule, and alpha is changed whenever [ incident angle / of the light 
from / to the optical deflection component 2 / plane-of-incidence 9 normal ]. When the optical-path shift 
amount x which is the amount of parallel displacements of an optical path was computed with the Snell's 
law, as shown in drawing 6 , the gap arose in the optical-path shift amoimt x by alpha whenever 
[ incident angle / of light ]. Here, alpha is an include angle to the normal of the plane of incidence 9 of 
the incident light which carries out incidence to the plane of incidence 9 of a substrate 3 whenever 
[ incident angle }. Moreover, alpha shall show the component which contributes to a substantial optical 
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deflection whenever [ incident angle / of light ], and the dispersion component of the source of incident 

light, an outdoor daylight component, etc, shall not be included. 

[0034] 

A model as shows this to drawing 7 explains. This model is the optical deflection device 14 which 
consists of two liquid crystal layers 5 pinched between the transparent substrates 3a and 4a of a couple, 
these substrates 3 a, medium substrate 12a arranged among 4a, and Substrates 3a and 4a and medium 
substrate 12a. The sawtooth part 8 is formed in the field which counters the substrates 3 a and 4a of 
medium substrate 12a, and this optical deflection device 14 has the same function as the optical 
deflection device 1. 
[0035] 

Using this optical deflection device 14, light is irradiated through opening 15 to the optical deflection 
component 2, and the optical-path shift amount x is observed by that line profile. The luminous-intensity 
distribution irradiated at this time shall have uniform intensity distribution ideally. First, at the time of 
alpha= 0, as shown in drawing 7 (a), an optical path shifts only the optical-path shift amount x of an aim 
whenever [ incident angle / of light ]. However, as shown in drawing 7 (b), when alpha is alpha 1 
whenever [ incident angle / of the light of the illumination light ], the optical-path shift amount x of the 
deflected light shifts xone compared with the optical-path shift amount x of an aim. Moreover, when 
alpha is alpha 2 (> alpha 1) whenever [ incident angle / of the light of the illumination light ], as shown 
in drawing 7 (c), the optical-path shift amount x of the deflected light shifts x2 (> xl) compared with the 
optical-path shift amount x of an aim. A gap of such a shift amount causes contrast lowering at a light 
sensing portion side. It is [ that what is necessary is just extent which is satisfactory in check by looking 
as a gap of an optical-path shift amount ] desirable to stop within 10% of the shift amount of an aim. 
[0036] 

Then, whenever [ incident angle / of such a light ], investigate the relation between alpha and the 
optical-path shift amount x by theta whenever [ tilt-angle ] to be shown in drawing 6 , and when you 
investigate [ whenever / tilt-angle / to which the gap from the optical-path shift amount x of an aim 
becomes 10% of the optical-path shift amount of an aim from the result shown in this drawing 6 ] 
relation with alpha whenever [ incident angle / of theta and light ], be shown in drawing 8 , 
Alpha=a theta+b 

** — relation [ like ] was suited. Inclination a of a before type is related to effectual refractive-index 

change deltan of a liquid crystal molecule, as shown in drawing 9 , 

a=-0.7deltan+0.35 

The relational expression to say is realized. Moreover, as Intercept b is shown in drawing 10 , it is 

related to the optical-path shift amoimt x, 

b=(11.6/x)-19 

The relational expression to say was realized. Then, it is alpha whenever [ incident angle / of light ], 

alpha<=|atheta+b| Formula (1) 

a=-0.7deltan+0.35 

b=(11.6/x)-19 

******** — by things, a gap of the optical-path shift amount x can be suppressed within 10% of the 

optical-path shift amount x of an aim. 

[0037] 

Moreover, it is theta whenever [ tilt-angle ] similarly, 
theta<=-(alpha+b)/a Formula (2) 
a=-0.7deltan-i-0.35 
b=(11.6/x)-19 

******** — by things, a gap of the optical-path shift amount x can be suppressed within 10% of the 
optical-path shift amount x of an aim. Each part is set up so that the optical deflection devices 1 and 13 
of the gestalt of this operation may fill a formula (1) and a formula (2). 
[0038] 

By such configuration, the optical deflection devices 1 and 13 of the gestalt of this operation can 
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suppress a gap of the optical-path shift amount x within 10% of the optical-path shift amount x of an 

aim. 
[0039] 

Moreover, since the liquid crystal layer 5 is formed with the surface passivation ferroelectric liquid 
crystal, a high-speed response can be enabled. As a factor of a high-speed response, since the 
ferroelectric liquid crystal has spontaneous polarization, driving force generates it by electric field. 
Moreover, for acquiring a good orientation condition, it is necessary to make the gap of the optical 
deflection component 2 small, and field strength becomes large on a fixed electrical potential difference, 
and this also becomes the factor which obtains a quick speed of response. In order to acquire a good 
orientation condition, as for the gap of the optical deflection component 2, it is desirable that it is below 
the pitch of a liquid crystal ingredient. When using a smectic C phase for a deflection operation which 
was mentioned above here, either a bistability mold or a monostable mold is OK as a ferroelectric liquid 
crystal, and it just takes binary according to an orientation condition (refractive-index change should just 
take place to the linearly polarized Hght which carries out incidence). Moreover, a cone angle has a 
desirable direction near 90 degrees from deflection effectiveness. When a cone angle is small, deflection 
light turns into elliptically polarized light, and contrast falls. Therefore, in order to cut unnecessary light, 
it is desirable to put a polarizing plate into an outgoing radiation side. 
[0040] 

In addition, although the light source arranged as an outgoing radiation means so that a formula (1) and 
a formula (2) may be filled was explained to the example, you may be the member which does not 
restrict to this, and leads the light by which outgoing radiation was carried out from the light source to 
the optical deflection component 2 as an outgoing radiation means, for example so that a formula (1) and 
a formula (2) may be filled. 
[0041] 

Next, the 1st modification of the gestalt of this operation is explained. As for this modification, the 
liquid crystal layer 5 is formed corresponding to the frequency with 2 cycle actuation Hquid crystal from 
which a dielectric anisotropy changes to forward or negative. For example, if a dielectric constant 
anisotropy impresses electric field with the electrical potential difference of a forward frequency to 
liquid crystal and the major axis of a liquid crystal molecule will impress electric field in the direction of 
electric field with the electrical potential difference of a frequency negative in a dielectric anisotropy to 
the sense and liquid crystal, the minor axis of a liquid crystal molecule will be suitable in the direction 
electric field. The orientation condition of liquid crystal changes with 2 frequencies by using an 
ingredient with such a property. If it has such a description as a liquid crystal ingredient, any liquid 
crystal, such as cyano **, a fluorine system, and a chlorine system, can be used. The frequency of an 
input signal may be set as whichever at first. Since this liquid crystal is changing the orientation 
condition of liquid crystal by electric restraining force, a speed of response becomes quick. Moreover, 
when performing such actuation, the orientation of a liquid crystal molecule hardly contributes to 
rubbing. Therefore, rubbing processing and an initial orientation electrode become unnecessary, and 
effectiveness that component production can be simplified can also be desired. 
[0042] 

Next, the 2nd modification of the gestalt of this operation is explained. This modification is formed of 
the polymer dispersed liquid crystal to which the liquid crystal layer 5 has the liquid crystal / 
macromolecule complex (it is hereafter described as liquid crystal / macromolecule complex) which 
carried out distributed maintenance of the liquid crystal ingredient in a macromolecule matrix. If it is the 
same as that of the above-mentioned and the refractive index of liquid crystal / macromolecule complex 
changes, a deflection angle will change, namely, an optical path will shift the deflection theory. Liquid 
crystal / macromolecule complex has the description that a refractive index can be changed at high 
speed, without being dependent on the polarization condition of incident light, when impressing electric 
field vertically to an optical path. There are what joined the minute capsule which included the liquid 
crystal ingredient with the giant-molecule coat, for example as liquid crystal / giant-molecule complex 
using binder resin, the so-called giant-molecule distribution liquid crystal to which phase separation of 
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the liquid crystal ingredient was carried out from the mixture of a liquid crystal ingredient and polymeric 
materials (or the precursor). Anyway, the structure becomes what distributed liquid crystal drop let in 
the macromolecule matrix, and the speed of response becomes quick as it makes small particle size of 
liquid crystal drop let. Dispersion decreases [ making it especially the particle size below wavelength 
extent of incident light ], and light transmittance becomes high, namely, it is desirable from optical loss 
becoming remarkably small. 
[0043] 

Next, the gestalt of 1 operation of the image display device of this invention is explamed based on 
drawing 1 1 thru/or drawing 13 . The side elevation in which drawing 1 1 shows roughly the gestalt of 1 
operation of the image display device of this invention, the perspective view which drawing 12 omits a 
part of image display device, and is shown, and drawing 12 are the explanatory views explaining the 
pixel multiplication on the appearance by the image display device. In addition, the same as that of the 
gestalt of operation mentioned above or a corresponding part is shown using the same sign, and also 
omits explanation. 

[0044] ^ . 

As shown in drawing 1 1 , an image display device 21 is equipped with the light source 22, a lighting 
system 23, the image display component 24, the cutback optical element 25, the optical deflection 
device 26, the projector lens 27 as an optical member, a screen 28, etc., and is arranged in order on the 
path (optical path) of light in which they are emitted from the light source 22. Furthermore, the image 
display device 21 is equipped with the image display confrol circuit 32 for controlling the image- 
display-device 21 whole including the light source driving means 29 for driving the light source 22, the 
display driving means 30 which drives the image display component 24, optical deflection armature- 
voltage control means 31 which are optical-path deflection control means to drive the optical deflection 
device 26 and these light source driving means 29, the display driving means 30, the optical deflection 
armature- voltage control means 31, etc. 

[0045] ^ ^. ^. , 

It can use, no matter it may be what class and light source of a mold, if it is white or the thing which can 
carry out ON/OFF of the light of the color of arbitration to a high speed as the light source 22. For 
example, what combined the shutter with an LED lamp, the laser light source, and the white source of a 
lamp light can be used. With the gestalt of this operation, the white lamp is used as the light source 22. 
[0046] 

A lighting system 23 irradiates at homogeneity the light by which outgomg radiation was earned out 
from the light source 22 for the image display component 24, and consists of a fly eye lens (not shown), 
a diffusion plate 33, a condensing lens 34, etc. 
[0047] 

The image display component 24 carries out space light modulation of the image field based on unage 
information for two or more images field of every divided in time, and carries out outgoing radiation of 
the homogeneity illumination light which carried out incidence from the lighting system 23 as an image 
Ught. As an image display component 24, a transparency mold liquid crystal light valve, a high- 
reflective-liquid-crystal light valve, a DMD component, etc. can be used, and the transparency mold 
liquid crystal light valve which combined the light filter is used with the gestalt of this operation. 
[0048] 

The cutback optical element 25 reduces the display pixel of the image display component 24 which 
consists of a transparency mold liquid crystal light valve, and consists of a micro lens, a coUimate lens, 
etc. As for the amount of cutbacks, it is desirable that it is 1 for an integer of a pixel pitch. 

[0049] . • . . 

The optical deflection device 26 deflects image light by which outgoing radiation is earned out from the 
image display component 24 (shift), and it carries out outgoing radiation, using it as a deflection image. 
As an optical deflection device 26, the optical deflection devices 1 and 13 which were mentioned above 
are used. The serration configuration of the optical deflection device 26 is formed in the longitudinal 
direction of space in the shape of an array, as shown in drawing 12 . Thereby, the hght which carried out 
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outgoing radiation of the image display component 24 can shift the light by which incidence was earned 
out to space from the image display component 24 in the case of the linearly polarized light of the 
vertical direction to the longitudinal direction of space. According to the shift amount of the optical path 
by this optical deflection device 26, the image display location on which it is projected on a screen 28 is 
shifted, it can consider as the number of pixels which carried out multipUcation of the actual number of 
pixels of the image display component 24 seemingly, and image display can be carried out. 
[0050] 

Each part of an image display device 21 is arranged so that the formula (1) m the gestalt of operation 
mentioned above and a formula (2) may be filled with the gestalt of this operation here. 

[0051] . ^. • 

Actuation of such an image display device 21 is explained. The light by which outgoing radiation was 
carried out turns into illumination light equalized with the diffiision plate 33 from the hght source 22 
controlled by the light source driving means 29, and the image display component 24 currently 
controlled by the display driving means 30 which operates with a condensing lens 34 synchronizing with 
the light source driving means 29 is illuminated critically. Incidence of the illumination light in which 
space light modulation was carried out by the image display component 24 and which passed the 
cutback optical element 25 is carried out to the optical deflection device 26 as an image light. As a 
deflection image light, after the outgoing radiation light by which outgoing radiation was carried out 
from the optical deflection device 26 is expanded with a projector lens 27, it is projected on it by the 
screen 28. That is, by controlling the applied voltage to the optical deflection device 26 arranged at the 
screen 28 side of the image display component 24 by the optical deflection armature-voltage control 
means 31, outgoing radiation of the image light is carried out as a deflection image light from which 
only the distance of arbitration was shifted in the array direction of a pixel, and it is projected on it by 
the screen 28 through a projector lens 27. Here, the optical deflection device 26 is arranged in the 
defocusing location of the pixel displayed by the image display component 24, and, thereby, is made 
into the structure where resolution of a display image is not degraded. 
[0052] 

With the optical deflection armature- voltage control means 3 1 , the optical deflection device 26 is 
synchronized with the image display component 24, and it drives, and as an optical path is shifted for 
two or more subfields of every which divided the image field in time and it is shown in drawing ^ by 
displaying the image pattern in the condition that the display position has shifted, multiplication of the 
apparent number of pixels of the image display component 24 is carried out, and it is displayed here. 
Thereby, the good image of contrast can be expressed as the high definition more than the resolution of 
the used image display component 24, 
[0053] 

Here, as for a shift amount, it is desirable that it is 1 for an integer of a pixel pitch like the amount of 
cutbacks, and when a shift amount and the amount of cutbacks are equal, the shifted pixel does not lap. 
Therefore, the pixel shift effectiveness does not drop resolution. Moreover, when a shift amount differs 
from the amount of cutbacks, the shifted pixel becomes the cause of lapping, or carrying out between 
pixels spreading etc., and dropping resolution, but if it is extent which does not have a problem in a 
display image, a shift amount and the amount of cutbacks do not need to be equal. 

[0054] . ^ . u , 

When performing twice as many image multiplication as this to the array du-ection of a pixel, the shift 
amount of the optical path of deflection image light is set to one half of pixel pitches, and when 
performing 3 times as many pixel multiplication as this to the array direction of a pixel, the shift amount 
of the optical path of deflection image light is set to one third of pixel pitches. Moreover, when a shift 
amount becomes large by the configuration of the optical deflection device 26, a shift amount and the 
amount of pixel cutbacks may be set as the distance of (1 for an integral multiple + integer) of a pixel 
pitch. In any case, the image display component 24 is driven with the picture signal of the subfield 
corresponding to the shift position of a pixel. 
[0055] 
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Thus, since each part of an image display device 21 is arranged so that the image display device 21 of 
the gestalt of this operation may fill the formula (1) in the gestaU of operation mentioned above, and a 
formula (2), a gap of an optical-path shift amount becomes 10% or less, becomes highly minute in the 
longitudinal direction shift of a screen, and can suppress contrast lowering. 

[0056] . ^. ^ J. , 

In addition, although the gestalt of this operation is considered as the configuration which displays a 
color picture usmg the transparency mold liquid crystal light valve which combined the Ught filter as a 
white lamp and image display component 24 as the light source 22, it can express a fiiU color image also 
as the field sequential method which illuminates the image display component 24 of the veneer with 
three-primary-colors light to time amount sequential. At this time, a time amount sequential three- 
primary-colors light may be generated as a generation method in three primary colors combining the 
source of a white lamp light, and a revolution light filter. 
[0057] 
[Example] 

Next, the example of this invention is explained. 

[0058] 

[Example 1] , , ^- -j 

theta whenever [ tilt-angle / of the refi-acting interface 10 of the sawtooth part 8 to the plane of incidence 

9 of a substrate 3 ] 1 degree. In the optical deflection device 13 which adjusted the thickness of the 

medium substrate 12 so that it might be referred to as 17 and 0.22 and the optical-path shift amount x 

might be set to 5 micrometers and in which an optical-path parallel shift is possible effectual refi-active- 

index change deltan=0.12 of a liquid crystal molecule, and 0. ~ The result of having asked for alpha 

from the degree type whenever [ incident angle / of the light illuminated from said conditions to this 

optical deflection device 13 ] is shown in a table 1. 

alpha<=|atheta+b| 

a=-0.7deltan+0.35 

b=(ll-6/x)-19 

[0059] 

[A table 1] 





^dn=0, t2 


^n = 0. 1? 


-dn=0, 22 


a [• ] 


16.41 


16.45 


16.49 



Moreover, the result of having calculated the optical-path shift amount x with the Snell's law is shown in 
a table 2. 
[0061] 
[A table 2] 
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Z]n=D, 22 
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5 


5 


5 










1 






16 


5.45 


\ 4 r 




IT 


5.55 


5. 52 


5.54 










1 







[0062] 

The gap of the optical-path shift amount x of each alpha is less than 16 degrees from a table 2 to x= 5 
micrometers of optical-path shift amounts of an aim whenever [ incident angle / of less than 10% of 
illumination light ]. When the result and table 2 which were computed from a table 1 are compared, it 
tums out that, as for the calculation result of a table 1, the gap of the optical-path shift amoimt x fiilfiUs 
less than 10% of conditions. 
[0063] 
[Example 2] 

It is referred to as 17 and 0.22. whenever [ incident angle / of the incident light of the light illimiinated to 

the optical deflection component 2 ] - alpha ~ effectual refractive-index change deltan=0.12 of 16 

degrees and a liquid crystal molecule, and 0. — In the optical deflection device 13 which adjusted the 

thickness of the medium substrate 12 so that the optical-path shift amount x might be set to 5 

micrometers and in which an optical-path parallel shift is possible, the result of having asked for theta** 

from the degree type from said conditions whenever [ tilt-angle / of the refracting interface 10 to the 

plane of incidence 9 of the substrate 3 of this optical deflection device 13 ] is shown in a table 3. 

theta<=-(alpha+b)/a 

a=-0.7deltan+0,35 

b=(11.6/x)-19 

[0064] 

[A table 3] 





Zln = 0.12 


^n=0.17 


Zln=0.22 


9 [" ] 


a 56 


2.94 


3.47 



[0065] 

Moreover, the result of having calculated the optical-path shift amount x with the Snell's law is shown in 
a table 4. 
[0066] 
[A table 4] 
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[0067] 

The gap of the optical-path shift amoxmt x of each theta is less than 3 degrees from a table 3 to 5 
micrometers of optical-path shift amounts of an aim whenever [ tilt-angle / of less than 10% of 
refracting interface 10 ]. When the result and table 4 which were computed from a table 3 are compared, 
it turns out that, as for the calculation resuU of a table 3, the gap of the optical-path shift amount x 
fulfills less than 10% of conditions. 
[0068] 
[Example 3] 

After carrying out dry etching of magnitude 3cmx3cm and the quartz-glass substrate 3 with a thickness 
of 1mm and forming in Icmxlcm area the sawtooth part whose theta is about 0.5 degrees and pitch 
lOOmicrometer whenever [ tilt-angle ], the spatter of the ITO was carried out to the sawtooth part 8 at 
the thickness of 2000A. Next, the polyimide orientation agent AL 3046 (product made from JSR) was 
applied to the thickness of about 800A, and orientation processing was performed by the rubbmg 
method on conditions which the stable direction of the homogeneous direction consists the front face of 
the substrate 3 of in the direction vertical to the dip direction of a ramp. It stuck using the adhesives 
which mixed the bead so that a part with the small thickness of the liquid crystal layer 5 might be set to 
1.5 micrometers by using the glass substrate with ITO of a smooth field as a substrate 4. Where 
substrates 3 and 4 are heated at 90 degrees C, the ferroelectric liquid crystal (Clariant make R5002) was 
poured in between two substrates 3 and 4 so that a direction of grouting might meet a sawtooth part 8 by 
the capillary tube method, from 70 degrees C to 55 degrees C were closed after cooling, where the seal 
of approval of the direct current voltage of 20v/micrometer is carried out, and the optical deflection 
component 2 was produced. 
[0069] 

When the electrical potential difference was impressed and the speed of response was measured so that 
field strength might become this optical deflection component 2 in micrometer and lOv /, the speed of 
response of 0.4msec was obtained. This obtained one third of speed of responses compared with the case 
where a nematic liquid crystal (Merck ZLI- 2471) is used as a liquid crystal ingredient. 
[0070] 
[Example 4] 

A pneumatic liquid crystal (Merck make BL24) is dissolved in an ultraviolet-rays hardenability 
prepolymer (Norland NOA81) as a liquid crystal ingredient (45% of liquid crystal weight 
concentration). Using what irradiated ultraviolet rays (400 mW/cm2) (the mean diameter of liquid 
crystal drop let is about 60nm), the eel gap was adjusted using the adhesives which mixed the bead so 
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that the small part of liquid crystal layer 5 thickness might be set to 3 micrometers, and the optical 

deflection component 2 was produced like the example 3. 

[0071] 

The electrical potential difference was impressed and the speed of response was measured so that field 
strength might become this optical deflection component 2 in micrometer and 13v /. The magnitude of 
the liquid crystal drop let in macromolecule distribution liquid crystal can be changed by changing the 
presentation of a prepolymer, the mixed concentration of liquid crystal, the ultraviolet-rays 
reinforcement at the time of hardening, etc. Here, drawing 14 shows the relation between liquid crystal 
drop let size and a speed of response. It became quick as, as for the speed of response, drop let size 
became small from drawing 14 , and a high-speed response called 0.01msec was realized. 
[0072] 

Moreover, when incidence of the non-deviated laser beam (hehum-Ne laser: wavelength of 0.6328 
micrometers) is carried out to the optical deflection component 2 as an optical deflection operation, 
while not impressing electric field, the deflection angle was 0.57 degrees, when the electrical potential 
difference (average field strength of 20v/micrometer) of 300V was impressed, angle of refraction was 
able to become 0.54 degrees, and the 0.03-degree optical-path deflection was able to be performed by 
tuming on and off of electric field. Furthermore, even if it considers incident light as polarization using a 
polarizer and made the incidence of the polarization direction change and carry out in the various 
directions, the optical-path deflection was able to be performed hke the case where incidence of the 
unpolarized light is carried out. 
[0073] 
[Example 5] 

The image display device 21 was produced as follows. The poly-Si TFT liquid crystal panel of 0.9 
inches of vertical angles XGA (1024x768 dots) was used as an image display component 24. Every 
direction of a pixel pitch is about 1 8 micrometers. The numerical aperture of a pixel is about 50%. 
Moreover, it considered as the configuration which prepares a micro-lens array and raises the rate of 
condensing of the illumination light to the light source 22 side of the image display component 24. The 
transparency mold liquid crystal light valve which prepared the light filter in each pixel front face 
performed color display, using a white lamp as the light source 22. Moreover, the cutback optical 
element 25 was constituted using the micro lens and the coUimate lens, it installed immediately after the 
liquid crystal light valve, and alignment with a pixel location was adjusted. 
[0074] 

Here, as an optical deflection device 26, like drawing 15 , two optical deflection components 2 have 
been arranged so that each substrate 3 may counter, the optical deflection device 41 in which an optical- 
path parallel shift is possible was constituted, and it installed m the screen 28 side of the cutback optical 
element 25 using two optical deflection components 2 used in the example 3. Matching oil 42 was 
inserted between two optical deflection components 2, and this adjusted so that the optical-path shift 
amount x might be set to 9 micrometers. Moreover, as a result of setting the diffusion plate which has a 
thin diffusion layer by the outgoing radiation side of the light of this optical deflection device 41, 
expanding the diffiised light in an outgoing radiation side and observing a display image, the good 
image of contrast was obtained with the high definition it is twice whose lateral pixel consistency of 

[0075] 

[Effect of the Invention] 

According to the optical deflection device of invention according to claim 1, the transparent substrate of 
a couple, The liquid crystal layer which can control a refractive index [ as opposed to / it is inserted 
between said substrates and / incident light by electric field ], The orientation film to which it is 
prepared between said substrates and orientation of the liquid crystal molecule of said Uquid crystal 
layer is carried out. It has the parallel refracting interface of the couple which makes include-angle theta 
[deg] (0<=theta<90) to the plane of incidence of said substrate and by which while incidence of the Ught 
is carried out to the electrode of the couple which generates electric field to said liquid crystal layer was 
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formed in said liquid crystal layer side of said substrate. The refraction section to which the parallel 
displacement of the optical path is carried out by making outgoing radiation light parallel to incident 
light in case you make it again refracted by said refracting interface of another side and it considers as 
outgoing radiation light after making incident Ught refracted by said one refracting interface, When the 
amount of parallel displacements of the optical path over the incident light which carries out incidence 
of the refractive-index change of a preparation and said Uquid crystal molecule of said Uquid crystal 
layer to incident Ught from [ of said plane of incidence ] a normal to said plane of incidence of one 
[ deltan and ] of said substrate is set to x [mum] (x> 0), Incident angle whenever [ over the normal of 
said plane of incidence of the incident li^t which carries out incidence to said plane of incidence of one 
of said substrate ] alpha [deg], 
alpha<=latheta+b| 
a=-0.7deltan+0.35 
b=(11.6/x)-19 

By filling ******, the amount of gaps from the amoimt of parallel displacements of the target of the 
optical path which refracted and carried out the parallel displacement by the refracting interface of a 
couple can be stopped within 10% of the target amount of parallel displacements. 
[0076] 

According to the optical deflection device of invention accordmg to claim 2, the transparent substrate of 
a couple, The liquid crystal layer which can control a refractive index [ as opposed to / it is inserted 
between said substrates and / incident light by electric field ], The orientation film to which it is 
prepared between said substrates and orientation of the liquid crystal molecule of said liquid crystal 
layer is carried out. It has the parallel refracting interface of the couple which makes include-angle theta 
[deg] (0<=theta<90) to the plane of incidence of said substrate and by which while incidence of the light 
is carried out to the electrode of the couple which generates electric field to said liquid crystal layer was 
formed in said liquid crystal layer side of said substrate. The refraction section to which the parallel 
displacement of the optical path is carried out by making outgoing radiation light parallel to incident 
Ught in case you make it again refracted by said refracting interface of another side and it considers as 
outgoing radiation light after making incident light refracted by said one refracting interface, Whenever 
[ over the normal of said plane of incidence of the incident light which carries out incidence to said 
plane of incidence of one of said substrate / preparation and incident angle ] alpha [deg], When the 
amount of parallel displacements of the optical path over the incident light which carries out incidence 
of the refractive-index change of said liquid crystal molecule of said Uquid crystal layer to incident Ught 
from [ of said plane of incidence ] a normal to said plane of incidence of one [ deltan and ] of said 
substrate is set to x [mum] (x> 0), said include angle theta, 
theta<=-(alpha+b)/a 
a=-0.7deltan+0.35 
b=(11.6/x)-19 

By filling ******, the amount of gaps from the amoimt of parallel displacements of the target of the 
optical path which refracted and carried out the parallel displacement by the refracting interface of a 
couple can be stopped within 10% of the target amoimt of parallel displacements. 
[0077] 

According to invention according to claim 3, in an optical deflection device according to claim 1 or 2, 
said Uquid crystal layer can make a speed of response quick in orientation change by being formed with 
the surface passivation ferroelectric liquid crystal. 
[0078] 

In an optical deflection device according to claim 1 or 2, by forming the dielectric anisotropy according 
to the frequency with 2 cycle actuation liquid crystal which changes to forward or negative, said liquid 
crystal layer can control the orientation condition of liquid crystal by changing a frequency, and 
according to invention according to claim 4, it can return an orientation condition to an initial orientation 
condition with a quick speed of response rather than it returns an orientation condition to an initial 
orientation condition by the weak restraining force of rubbing. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/7/2004 



Page 16 of 17 



According to invention according to claim 5, in an optical deflection device according to claim 1 or 2, 
when formed of the polymer dispersed liquid crystal, said liquid crystal layer can control the 
birefringence of liquid crystal by armature-voltage control, and can shift a non-deviated light. Moreover, 
since the orientation of liquid crystal is controllable by the restraining force of a macromolecule, a quick 
speed of response can be obtained in orientation change. 
[0080] 

The image display component which arranged two or more controllable pixels for light two-dimensional 
according to image information according to the image display device of invention according to claim 6, 
The light source which illuminates this image display component, and the optical member for observing 
the image pattern displayed on said image display component. The optical deflection device according 
to claim 1, 2, 3, 4, or 5 arranged on the optical path between said image display components and said 
optical members. By driving said optical deflection device and having the optical-path deflection control 
means which divided the image field in time and which deflects the optical path between said image 
display components and said optical members for two or more subfields of every When the image 
pattern in the condition that the display position has shifted according to the deflection of the optical 
path for two or more subfields of every which divided the image field in time v/ith the optical deflection 
device is displayed, and the apparent number of pixels of an image display component carries out 
multiplication and it is made to display By using an optical deflection device according to claim 1, 2, 3, 
4, or 5 A gap of the optical-path movement magnitude in an optical deflection device can be suppressed 
few, degradation of the display image by the lap of the pixel by gap of optical-path movement 
magnitude etc. can be suppressed, it is highly minute and the good display image of contrast can be 
obtained. 

[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the gestalt of 1 operation of the optical deflection device of 
this invention. 

[Drawing 2] It is the sectional view in which combining an optical deflection component with the 
elements on larger scale, and showing it. 

[Drawing 3] A part of optical deflection component is expanded and shown, and the sectional view 
according [ (a) ] to XZ side and (b) are the A'-A line sectional views in (a). 
[Drawing 4] It is the sectional view showing the modification of an optical deflection device. 
[Drawing 5] It is the sectional view expanding and showing a part of optical deflection component. 
[Drawing 6] It is the graph which shows the relation between alpha and the optical-path shift amount x 
whenever [ incident angle / of light ]. 

[Drawing 7] A gap of the optical-path shift amoimt x by alpha is shown whenever [ incident angle / of 
light ], and the explanatory view in which (a) shows the optical-path shift amount x at the time of alpha= 
0 whenever [ incident angle ], the explanatory view in which (b) shows the optical-path shift amount x at 
the time of alpha=alpha 1 whenever [ incident angle ], and (c) are the explanatory views showing the 
optical-path shift amount x at the time of alpha=alpha 2 whenever [ incident angle ]. 
[Drawing 81 It is the graph which shows [ whenever / incident angle / of light ] relation with theta 
whenever [ tilt-angle / of alpha and a refracting interface ] . 

[Drawing 9] It is the graph which shows the relation between inclination a and effectual refractive-index 
change deltan of a liquid crystal molecule. 

[Drawing 10] It is the graph which shows the relation between Intercept b and the optical-path shift 
amount x. 

[Drawing 11] It is the side elevation showmg roughly the gestalt of 1 operation of the image display 
device of this invention. 

[Drawing 12] It is the perspective view omitting and showing a part of image display device. 
[Drawing 13] It is an explanatory view explaining the pixel multiplication on the appearance by the 
image display device. 

[Drawing 14] It is the graph which shows the relation between the liquid crystal drop size of an example 
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4, and a speed of response. 

[Drawin g 151 It is the sectional view showing the optical deflection device of an example 5. 
[Description of Notations] 

I Optical Deflection Device 
3 Four Substrate 

5 Liquid Crystal Layer 

5 a and 5b Liquid crystal layer 

6 Seven Electrode 

9 Plane of Incidence 

10 Refracting Interface 

10a, 10b Refracting interface 

I I Refraction Section 

12 Substrate (Medium Substrate) 

13 Optical Deflection Device 

21 Image Display Device 

22 Light Source 

24 Image Display Component 

26 Optical Deflection Device 

27 Optical Member (Projector Lens) 

31 Optical-Path Deflection Control Means (Optical Deflection Armature-voltage Control Means) 
41 Optical Deflection Device 



[Translation done.] 
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(54) OPTICAL DEFLECTION DEVICE AND IMAGE DISPLAY DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an optical 
deflection device which changes the direotion of light 
with an electric signal and an image display device which 
utilizes the optical deflection device. 
SOLUTION: On the liquid crystal layer 5 side of 
substrates 3, 4 having the liquid crystal layer 5 
interposed therebetween, a pair of refraction surfaces 
10a, 10b being parallel to each other and forming an 
inclination angle ^(degrees) with an incidence plane 9 of 
the substrate 3 are fbnmed. An optical path is translated 
in parallel relative to the original path by making outgoing 
light parallel to incident light in the case the incident 
light is refracted on the refraction surface 10a and is 
subsequently refracted again on the refraction surface 
10b so as to be turned into the outgoing light When the 
change of the refractive index of the liquid crystal 
molecules of the liquid crystal layer 5 with respect to 
the incident light is represented by „ n and the amount 
of the parallel translation of the optical path with 

respect to the light incident on the incident plane 9 from the direction normal to the plane 9 by 
x(„m), the incidenoe angle ^(degrees) of the light incident on the incident plane 9 of the 
substrate 3 with respect to the normal of the plane 9 satisfies relations „^|a,,+b|, a=-0.7„ n-^O.dS 
andb=(11.6/x)-19. 
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5«fLTjSrBSH(R]{cJt)S-r^75-|RlJc5try^f^S*?ToT*50x vlf>'i^75"(Rilcte?^Lfc:fq] 

[ 0 0 2 8 ] 
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sint>2=(no/ne) sin^^l 
^ 3 = IP I - H) 2 

sin?f4=(ne/no) sin^S 
J: !3 * $ S o 
[ 0 0 3 1 ] 

$fc. ia4{c^LfcJ:3fcfF^a«l 2^SttT^i^O¥fT5^:7h;&tT^-5«^, •t'SS 20 

L2 - tan*4 = x (/tm) J:??, 
L2 = x/ tan(J4(fim) 

t ^ 5 o 

[ 0 0 3 2 ] 

CKDi^tCLT, )l£ffi|pi:^lRl{iitcS«30®Sfffil 0©i«l4ftaei:jSSO®»f*a?3 
[ 0 0 3 3 ] 

yt^(D¥n'>y h ^^iiom-^icisi^r . mao^Ki'^ h a x i 5 tcigagp s o so 

my5i^-b^^<D^<DXMM&a^^ifiE-^T . X ^-^ J]/ <D HWi Iz ^tS^ <D W-^ ^Wl MT' & ^ 

g X t -rnA^^ i: fcc cct. AftfftSati, &^ 3 (d xmm 9 -\xmt ^ xmyt(D x^ 
m 9 commizMt AT ^ . mrz. yt<D xm^m a nmnff^ytrnj^ic^^-r ^^^^ 

[ 0 0 3 4 ] 

. cn80S«3a. 4 a micW.m-^ tlfc^mS^ I 2 a ^ 3 a , 4 3^:4^4 8^1 

o4'M«Sl2aOS«3a. 4a(C^*|^-rS®JCt±. liilg|J8A^Jgfig^nTt3f3. CO 

^iifSix-'^i'x 1 4t±. it^iiDiT'/^-rx 1 tmm^mm^^-r ?> o 

[ 0 0 3 5 ] 

d O^fSl&Ix X 1 4*fflv>T. m^lf. ^ffil«g|R? 2 'srapgp 1 5^aLT3t^Sgi* 

HmmB^lCi^ — rj:^m^:(<p ^ r ^ (D ft ^ o Sf. liCibtcydOAI^ftjS 

a = 0Oi:#«. m 7 (a) ^C:^fi3tc!H/^O^i^->7haxfc:t^-^SS*^>'7hf-i)o 
LA^L. 07 (b) iCTTi-t 5 lcmmyt(D^(D Xmn A a ffi a I CO t IZ li . tltc 

AI*ftaaA'a2 Oal) <D t ^ iz l± ^ m 7 (c) {c5^-rJ:3t. UlRlSnfcJtOJtK 50 
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v'^hSxii. (D^miyy h m. X tetter X 2 Ox i) -rnso cco^o^i^yh 
«©-rn(±. ^ m is r :n :y h ^ X h i&T CO iw. m t ^ ^ o yt^i^y hm<D-rtitL 

[ 0 0 3 6 ] 

il 5 0 8 5^ -r J: -5. fc , 
a = a 0 + b 

A n {C lia^ b , 

a=-0. 7An+0. 35 

fcl'^-pM^^A^JtlPSl-^o ^fc. ^n-bti. ^1 0{c^-rJ:^;c^SSi>'7HxfcBiML 
b=(ll. 6/x)-19 

a^|a8 + bl ^(1) 
a=-0. 7An + 0. 35 
b=(ll. 6/x)-19 

^mrct c tx'. ^s&-> y h m X (o-m:^m\^^<D%mi^ y h m X (D 1 o %iu.fHi>cm^ c 

[ 0 0 3 7 ] 

flS-(a + b)/a iC(2) 
a=-0. 7An + 0. 35 
b=(ll. 6/x)-19 

%?iifc-rcii:7?. 7teK->7h»x<D■rn^ra^^^D^^Si/:7^Mx£Dl o %in[fiizn ^ ^ c 

ttl^T^ ?>o ^HM'Dfl^S^OJt^ljpj-r/WXl, 1 3{i> A (1) (2) ^?gSfc-r 

[ 0 0 3 8 ] 

n ^ ffl V> © '>-7hSx<01 0%J^F«9fJ:ai^«<li:*^T^5o 
[ 0 0 3 9 ] 

$fc. fSFB«5*^gSS^ft:3iiim't±SS(i:J;i3Jgfig^nTV^^<?3T*s itjifS^^pTftgtC 

— ^'^^±(Il^]^tI^*^^9 0''^CJ£^,^:^A^^lf^H/^o 3 — ^^Awjx^v^^-g-, <lip]^«ffiP3 

[ 0 0 4 0 ] 

**3. !±iW^ISi:LT. ^ (1) SDF^ (2) ^jSfc-ri^fcBBS^nfcydjii^fiJiJtcKiB^ 

S (1) RZf^ (2) *Sifc-rJ:atcJttii^^^2tcS|<ge*tT'd5oTfeJ:f>o 
[ 0 0 4 1 ] 
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s^i-^' oiEiRi ^ t: V ^"{c {5 i: ^ if L ^ ^ <D /i: i6 ^ tr > 5aa , wmmipjm.mi}'^ 

[ 0 0 4 2 ] 

^7 x'picm^Bttn^^'^m.unLrcmFBX-m^^m'^i*^ out. jSB^a/ig^?M-&#: h ie 

■T) * W-r « i^ii-^^J-^S^SK: J: >) jgfig? nr t> S o <l|piasft{± Hifi^ i: lRl«T'fe »3 ® a 

/is5i-?s^{*cosi?f^A^^{fr5t{iiR]^A^^{bL. -r rj: t) ytss iy y h -r ^ . ?srs 
/s»?s^^*^±7tK^^:5>fLTMii:^c«^;g:e^liI^■r5ig^^i:^iAl^^^o^i7t«Sl^i:^*^^■t^■ 

-^Lfcfeto-^. (fc;sv>{±^®f]t|gi*) i;£D?g-&{**>p,S$^a#5^;5r 

«^^^-a:/c:. l/>to»^>5 iilii-^:a-«i}g^a^ ifjb^fe^o -Tn t L T ^ CQ :^ifi t± S K a 

[ 0 0 4 3 ] 

-r^KH^^T'S^o ^fc. BuaLfcsifi6©}gait:iBi-x«*iS-r5SP^i-{±iBi-^^^fflvv 

[ 0 0 4 4 ] 

mmm^mm 2 1 li. mi 1 ic^-r o iz. 2 ^ mmmm 2 3 . mmm.^m^ 2 a 
. m'b%^m^2 5. ^<i[q]-x/wx2 6. f€^^iitLr(Di&mu>X2 7. x^-j- 

TV5o ?e.fC. S^S3^iS«2 1{i. 2 2^|gi!j-r'5fc:i6<07tj|Sffiltl^S2 9. ® 

mm^m"? 2 4 ^mm-t ^m^^mtb^m3 0, itiiiRj7*>'<c^';?^2 6^sgi&-r5)tK{siRiS!i 

3 0. T^mmmmmw^m 3 i a nbm^m^^mm 2 i^i^^mm-r^rztb<Dmmm. 
^Mwrns^ 3 2^<i^Tv>i)o 

[ 0 0 4 5 ] 

^M2 2 t Lrii. efefe5t/^tifiiS©feO)t^;i531tC ON/OF FT'^i.fe(D^P,tfV^ 

JtjU. Sfe'^) ^ -> ^ >y ^ — 5rffl*^t>-1*fc t if ?rffl U> 5 C i: Tb^T' # 5 o * 

*SgtDJgBiT'(i. 3teig2 2i:LT. 6 6 ^ > ^ *■« ffl l/^ n T l/^ 5 o 
[ 0 0 4 6 ] 

mm mm 2 3 9tm2 2A>?,aii*^nfc)fe*i^-tcii^as*?2 4 icmM-r cox 
^ n s o 

[ 0 0 4 7 ] 
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[ 0 0 4 8 ] 

[ 0 0 4 9 ] 10 

)tMi^J-rA^X2 6a. iii«sa*m?2 4*^e,tfijif^n«iii®?t«:<l|pi (->7h) LTfS 

jPiMWit Lx mm-r ?>c Jtiiisix-'wx 2 e i: lti±. ttjiE l fc i 3 *^Mir)7='/^i' x 1 

. 1 3A<ffl^''8tlTV^-5o )^<i(Rj-r/^-l'X2 6©Sg®Jgt^l±. Hi 2Ji:^-r<i;-5tc. ffiS 
at® t ±T:^iRioBII{l?t®«^. ffi<*S^^?^2 4 p> xtti-s titz^^Wim(OtE:^:^\Ri 

iCzyy h^-li-i>Ci:*^T'#§„ CCD^{llPi-ry^-i'X2 6tCJ:5^SS©->:7 hMtCjSCT. 
[ 0 0 5 0 ] 

**fig<DJgffiT-{±. Hu£BLfcllSE©}g^T'OS (1) . ^ (2) ^mtz-ri IC 20 
[ 0 0 5 1 ] 

c ^ o r^mmm^&m 2 i<DW]iiFic-oi^rmm-r^o ytmrnw) ^ m 2 9 ic ^ r mm ^ 
>->)-\yyx 3 4jcj;o> ^mrnwi^^ 2 9 tmmi.rs3{'?-r ^m^mm^m3 0 lo: osij 

5tSia^n*S/jN^^^?2 5^^1igLfcraH^^li^ Hft7ti:LT, ^<lfp]-r>'W7.2 6tc 

X 2 7 r-mx-^E nrzm. x^ v - > 2 s iz^m-$ -r^t?-^. mmm^m'?' 2 4 cdx 
^y — >2 siijtciEs^nfcjtfiiRj^'/'C'fx 2 6'\oB]inmEE*)t<iiRi^ffiSijffli^e3 1 30 

ytt Lrm^-s mm \y> x 2 7 ^ft- lt ^ x ^ 'j - > 2 s ict&m n ^ o cct, ^ 

[ 0 0 5 2 ] 

Cdtc, ^{l(R]«ff$iJ^#g3 ifcJcf^. 7t{iiRjx/WX2 6^ria^g5^*?2 4i:|S|«9 

^-e-TSiSLT. mmy^-jvv^mmmic^pn.rzm^(r>-*)-yy^-fwmtc^^^-> 
yh-^-^T. m.^tiLmf3^-rnr ^ ii^m<^mm/^ it — > ^ m.^-^ -^t ^ c tx' . msic^.-t 
o ic. m^m^^m"?- 2 4 <D ^mif ±cDmm^^mf^ Lx mTTi-t ?> o ctitcio. i^mv 
fzmmm^m^ 2 4 (om^&s;jL±toi^mmx =1 > h x hofiu^ii^^g^-rsc: tti^x 40 

^ 5 o 

[ 0 0 5 3 ] 

c ex. iyyhmii. m4^m tmmicmm -y ^o:>m&.^<D 1 X & ^ c tti'iitf^ L < . 
7hMfcifS/hM*^^bv>ii^. '>y Lrzmmti^m^j:?> c tiifi^^^o ^^otz)^. m^i^y 

h 5?!3 ^ fc <t O SI ft « * t3 ^ -r c i: t v> o S fc . -> :7 h a i: ai /J^ fi S ^ i) ^ ^ {± . v' 
7 h L ili ig « a ^ 5 , 5 v> t± i® ^ *^ /£ ^ ; ^ if L T ft? ft ^ t3 i: "T M S i: jS: 4 
. S ^ iffi it {c M ^ t/> g a T ^ n (f , -> y h a i: *i /J^ » (± # L < ^S: < T i » 

[ 0 0 5 4] 

mm(r>mni5^\,ztii,x 2{S(Dmmm^-^nom%t,i. m\^mm^(D^^(Di/y vm^m 

y ^(D \ / 2 ®^OE?iJ;^[pj{c5^LT3<g©ia«ti<S^^T3«^«. m^^m^ 50 



(11) 



JP 2004-4167 A 2004. 1.8 



[ 0 0 5 5 ] 

(2) ^mrcT ^ o icmmm^^s 2 i©=&gBA^Es^nTvs©T*. ^^'>y h m(D-t 

^ ^ d i: 7b^ T' t- 5 o 
[ 0 0 5 6 3 

5::^. JlfiiS 2 2 i: LTfife^ V:^, B « « ^ ^ 2 4 i: L T * ^ - 7 ^' 

[ 0 0 5 7 ] 
[ H ^ fi»J 1 

[ 0 0 5 8 ] 

mi3^ 3 (o X Sim 9 icM-r mm ^ B (om^m I o (ommn m e ^ i ' , j^s^^^^ciijs&e*! 

^S*T*^{bAn = 0. 12. 0. 17. 0. 2 2 t L . ~> y h M x 5 /i m t tj: 

J:3tCffP^»«l 2©P^^PSbrcJt8S¥tTi^7h^ffi^7\i{i[R]7^^WXl 3^ct3^^T 

1 fC^To 

a ^ I a 8 + b I 

a=-0. 7An+0. 35 

b = (1 1. 6/x) -19 

[ 0 0 5 9 ] 

[« 1 ] 





^n=0. 12 


^n = 0. 17 


^n=0.22 


a [• ] 


16.41 


16.45 


16.49 



[ 0 0 6 0 ] 

[ 0 0 6 1 ] 
[« 2 ] 
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a [• ] 


ZJn=0. 12 


Z3n=a 17 


^n=D.22 


D 


5 


5 


5 








i 






16 


5.45 


5.47 


5.49 


17 


5.55 


5.52 


5.54 















[ 0 0 6 2 ] 
C 0 0 6 3 ] 

[ n fia w 2 ] 

{tAn = 0. 12. 0. 17. 0. 22t^^.yt^'>yhMxtl''5^lmt■fS:^J:'7lC^m 

asi 2^Djl^^iasLfc)\;K¥^T'>7^RItfe^:7t^l[^Iv'/wxl 3tfei/>T, BSia^fr 

0^- (a + b) / a 
a=-0. 7An+0. 35 
b=(ll. 6/x)-19 

[ 0 0 6 4 ] 

[g 3 ] 





^n=0.12 


zJn=0. 17 


23 n =0.22 


9 [• J 


a 56 


2.94 


a 47 



[ 0 0 6 5 ] 
[ 0 0 6 6 ] 

[a 4 ] 
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e [• ] 




^n=0. 17 


^n=0.22 


1 


5.45 


5.47 


5.49 


















3 


5.47 


5.49 


5.50 


5 


5.51 


5.52 


5.53 



















[ 0 0 6 7 ] 

sfffii 0 (D mm n m e li E tii, 3 ^ L:i\^ -u & ^ o m.3 ^ >!) mta-^ tirz^^ tm. 4 t^ttm 

t> *^ S o 20 
[ 0 0 6 8 3 

[mmm 3 1 

)a[0 3b<S<jO. 5°. tf-yf^lOO/im(?5ag«g|5;&lcmXlcin©[S«tCj^figLfcft. ^ 
«gi58{Cl TO^ZOOOAOiP^tCX/^'V^SfLfCo ^klC :^ V S. A L 3 0 4 6 

(JSRS!) **<]8 0 0AO»?{C^^L, ^OSffiSCSffi^. Jh^-S^i^rXiJ^lSlOS 

i^t)'' mm mm :^f^ic mm. ^s^jf^ic^i ^ ^ r> ^ m > ir ^ K)W.^^m^ 

9 0 r fCilU^ L fc4^c^T' 2 fe©S« 3 . 4 Patt^^mitJKS C^' U 7 :/ h S R 5 0 0 2 30 

) ^^gj4TaA7?lpl*<^«a58{c5'c>3±3fcffiAL. 7 or^^P, 5 51C^T'%2 OV/ 

[ 0 0 6 9 ] 

il'?57ie^(Rj|R?2tJ:, miiSSSAM 0V//inii::&^j;3{c«ff^EniiPLTtSS:5ilt*SJj 
SLfci:C50. 4msecOjS^3i*^i#fc<, <ini±?$B^;|^S|s4i:LT^--7^-y^^^S( 
;^;l/i'iSiZLI-2471) ^fflV>fc^^JCJ±'^l/3£0JSSaie^f#/i:o 

[ 0 0 7 0 ] 

[ fl SS P 4 ] 

?SB^atf*^i:LT^^V7^^->y^fS^o B L 2 4) ^^^^^JilfbttT'U^K'JV- ( 

y-^VKtt N0A8 1) tCjgS {.Wi^Bmmm^ A 5%) ^nfa (400mW/c 40 

mM *»BttLfct>0 CflKSKn-y:;fb>yhO^i^«iS{±*?I6 0nm) m^mM 5 

)P^D/J^^^/^g|553•*^3^lm^c^?.<fc9^ctf-X^^gALfcg3g^J^fflV>T•b;^^■V•>r^ii 
MU, *fi!6fy3ill5l«tcLTy6{l[R)«?2^{'^S!Lfco 
[ 0 0 7 1 ] 

C«^fl[R]^^2tcm^?Sfi7b^ 1 3 V//imt^;5i^tC«JE^B]SnLJSS:3ia^SiJSL 
o iS5 ^ ? ^ B^B It 5 ?S F n -y :/ U .y h to # ^ l± . y .-K >; T - © ffl fig . fg B^a 

Si 4t±^SKa-y:/U-yF-9--l'Xi:/S^aSi:<OM^^5tLfct><0-pfe5o 0 1 

4J;^)Ic:;giia^iF^-vr^•y^•^^■^'X*wJ^^<^5^c^^eoT^i<*t). o. oimse 

c t ^ iS ii 15 ^ H 11 L fc o 50 
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[ 0 0 7 2 ] 

mtn. >t<l(o]ftffli:LTt±. Mmm(D U — '^f^ (He-NeU-tf:?SfiO. 6328/i 

m) ^ytmmm^ 2 ic Ltc t c ^ mi^^EninLTt^^&v^ir^tca. mmnno . 5 

7 ' V&K) . 3 0 0V<D«EE (¥19SS^Sf2 0V/Mm) *B]iraLfci:^tC(±B»f^*^ 

0. 54'trj:0.mn<D:t:y-:^yr'0. 0 3 ' COyt^Mi^^n O C t-b'^V ^ tco fE ^ 

[ 0 0 7 3 ] 

immm 5 ] 

m^m^^^m 2 1 ^j-xToidtcftiaLfco mmm^^m'^ z 4 ^lt^^^o. si'^'^x 10 

GA (1 024x768K-yh) <D V V ^ > 7 F T m me ^ fl^ ^ m Tc o H^tT-y^ 

«jS£«ii:tti?ii8/imTfe5o mm(Dmnmii%^ 5 0 %r'& o sfc, ia^a3^iR?2 

405tjJg2 2ffl!l{CV-i'^aP^'XTH'^tgltTMB^^O*^**iSJ6^^j5gi:LrCo ^ 
ffll.^T^S'J^7t^^?2 5%«^L. i«S^-rh/^;U^<Damtc^BbT. iii^{iiSi;ofiE 

[ 0 0 7 4 ] 

CCX. ^<llRl-X-'^YX2 6i:LTti. IISS^J3T*fflV>fc)t{ilPl^?2«r2-3fflV^T. 0 

1 5(DJ:-5fC. ^n^ncoaig3*^3tlp]-r^J:^tC20cr)7¥;<lfq]*?2^geHLT. )tSS 20 
¥fT->37hRltg^7t<llRl-r">'WX4 l^SfiEL. ^S/J^7t^^?2 50Xi'lJ->2 8ilJ^^: 
^gbfCo 20iD)t<SlR]^?2P^tCV-y5^>'^f:t'l'^l/4 2^fiU?», C tliC 0 . '> y 

hMxA^9/im{i:^i)J;-5tCBiMLfc:„ $fc. C©7^fl[S]x-''^-rX4 1<D3te£DmS!tfiJtcS 

«l73[Ri©iiimffia*^2<S<DlgffiaaT':3>h-77. h<DJ:v^H^*M#€.tirco 

[ 0 0 7 5 ] 

[ ?S £0 5» S ] 

<Dm.mt . itti^xM^ n^ — y5 (omtznmco xmm\t.n\^x n & B [deg] (o<9< 
9 0) ^^LTtuaeasomiie?gssffl!ifc}gj5!c^nrc — 3«fo¥^T^®sfffi^^b. xm^ 

(c. ^lil^t^^A*fy6^c5>fLT¥^T^^•rschT'^SS;&¥?Ti^l!I^■l^•S®flfg|5i:. ^fit^. 

(x>0) -73 ©MiSa«<DWiEAi*ffi^A«-r 5 AW^tOtusSAI^cBOjS 

JSt5>f^:5Atif^Sa [deg] 
o ^ I a 6 + b I 

a=— 0.7An + 0.35 40 
b=(ll. 6/x)-19 

[ 0 0 7 6 ] 

tl«3S 2 ES©fiBJ<^^<i[p]7'A'r X i tilf. -5>f OSH^=5:a« t . MIESffiP^Jc^^ 
nT«^tc<i:'3AI>f7^tcWrsSJif^©$iJ®A^WHg^?Sa^aili:. milSS«r^{c^tt?.nT 

€)«®i:.7fe*<AI#^n5-73OH5ia»«©AI*®fc5*bTft*0 [deg] (O<0< 
9 0) ^^LTMIH»SOmigEjffi^Bai[|CJBfiSc^nrc-WO¥f7^S*fffi^WL. AlifTt 
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[deg] . x^^icnr ?>miim^Bmo:>mmm.^a»^<Dmmm^it^ ^ n ^ -t^ob^ie 
m^(ommxmm^misixmm<omm:^f^t^ ^ xm-r ^xm^icnr ?>^m(D^n^mm 
[^m] (x>o) tvtct^. ttsmnmeiiK 

B ^- (a + b) / a 
a=-0. 7An + 0. 35 
b=(ll. 6/x)-19 

[ 0 0 7 7 ] 
[ 0 0 7 8 ] 

II 31 4 IH IE O tCfe ntf . St ^ ^ 1 3Z. a 2 SB e O 7t fl |p] T^'^'W X t3 T . tu 12 

mi&WLizit^\:,r mm^ysnt'^iE^ fc^in.ic^itr ^ 2 mmmmia^Bic .i^ t»?gfig^n 

WElp]«ffifcS-rcii:A<T#5o 20 
[ 0 0 7 9 ] 

5 IHit<D%B^K J: ti{f . 1 Xli 2 i5«©^(i[Rl-r/^i' XlcioV-^T, BttE^S 

S^±^ iS^J-^^J-iiSfS^fc J: t) JfJfiE^ nTV> 5 c fc <fe »J , llff ©Jtaitc J: 15 ^S^OSSSf 

^ mm r ^ c t tf^ X ^ (o T . mfpi^itiasy.^xm^^it'^mm.^m^ c tt^xt^o 

[ 0 0 8 0 ] 

ytmmtt t (Drs(oyt^±ics.ss tifcm^m 1 , 2, 3. 4 x» 5 iB«©?t<iisi7'/^-r x so 

^n. mmm.^^m'?'(D^mif ±cDmm^ti^miS i^rm^-s ^ ±T . n^m i , 2. 3. 

4X{±5f2^^07tffllR]-r/WX;grfflV>5ili:(cJ: 0, TtillpJT^/WXT'CD^^K^i&SO-r 
[Sl]*%B^«7le<S(Rl7^''^-YX<0-|ISS£DJg^^^rfBfffiiaT'Si>o 40 

[02] ^illRim?%^Og|5i}-i£;«cS i:«-l±T^-r»r®0T-feSo 

[03] )t(HfS]«^0-g5^ffi:^LT^L. (a) {iXZ®t£:J:5»f®0. (b) li (a 

) ^C t5 S A ' - A ^ »T M 0 T- S S o 

[04] ^{SrR]7*^WX©^}gfiR)%^-r»fM0T3&5o 

[06] ^(Dxmns. a tyt^'>y h m X t(Dmm^^stif'yy-e&^o 

[07] 7tOAI«f^a[ati:j:i,^gSv^yh«x£D-rn%^L^ (a) «AltftJ*a = 0<D 

t^<D?ie^i/3?hax%^-rittB^0, Cb) itxmn&a = a i (ot^(oyt^iyy hm^x 

^^•rSiB^0. (c) liXmn^a = a 2 (D t ^ (DytS&-y y h»x%^-rU4B^0T'feSo 

[08] yt(DXMMS.a tMtfTm(DmmMmd t(Dm^.^^--tif'7y-!:-&^o so 
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